Abstract. Fiscal rules are among the cornerstones of macroeconomic policies in the European Union, both on the national and the supranational level. The importance of enacting and conducting the fiscal rules has become apparent after the expansion of public debts and budget deficits in the period of the global financial crisis. Besides the supranational rules, governments impose national fiscal rules in order to fulfill the convergence criteria for public debt and the budget deficit. Still, there is an open question on their influence on other economic parameters. This paper examines contextual variables that influenced the efficiency of implementing fiscal rules in 28 European Union countries. We observe the period of the last financial crisis and its aftermath when most of the countries introduced new or adjusted existing national fiscal rules, using two-stage Data Envelopment Analysis (DEA). The main goal of the paper is to study the impact of contextual variables on fiscal rules' efficiency scores. In the first stage, we specify the DEA model to estimate the relative efficiency for each observed country in each year in the period from 2008 to 2016. After that, in the second stage, the efficiency scores are regressed on several contextual variables to observe the factors that explicate the variation in DEA-efficiency.
Introduction
The rules of fiscal policy represent constraints on fiscal outcomes such as the budget deficit, public debt, income or expenditure. They can be expressed in absolute terms or relative to a certain economic variable. Special attention has been devoted to fiscal rules after the economic crisis in 2008. Although the global financial crisis emerged from the banking sector, in order to support banks governments implemented measures that led to the increase of deficits and debts. This escalation was interpreted as a lack of fiscal discipline and national governments were urged to implement new or strengthen existing supranational and/or national fiscal rules. The main intention was to assure better fiscal responsibility, reliability, and the sustainability of public debt. Ultimately, managing public finances should have become more efficient, and without unnecessary public spending, in good and successful periods. However, not all researchers agree that the presence of rules is a warranty for fiscal precaution. On the contrary, opponents proclaim that the enhancement of fiscal discipline occurs at the expense of macroeconomic indicators and the actual impact of these rules on fiscal discipline is ambiguous. Fiscal rules cannot act on their own and must be supported by changes in both the economical and the political aspects where an appropriate institution enforces them with supervisory mechanisms.
In 1990, only five countries (Germany, Indonesia, Japan, Luxembourg and the USA) applied fiscal rules and until 2015 fiscal rules were in force in 96 countries [25] . Furthermore, national and supranational fiscal rules can be classified in four categories: balanced budget rule (BBR), debt rule (DR), expenditure rule (ER) and revenue rule (RR), which can be applied to the central or general government or the public sector [25] .
In this paper, we explore external factors which could improve or deteriorate countries' efficiency in conducting fiscal rules. In the first stage of our analysis we use Data Envelopment Analysis (DEA) and an output-oriented BCC model (Banker, Charnes and Cooper, [7] ) on the 28 European Union countries in the period from 2008 until 2016. We observed this period in order to investigate the impact of changes in fiscal rules on the efficiency of conducting fiscal rules just after the financial crises and after 2012 when 25 member states of the European Union (EU) signed the new agreement on fiscal sustainability "Fiscal Compact" or the Treaty on Stability, Coordination and Governance in the European Monetary Union (EMU). This arrangement introduced certain new features to the fiscal rules at a national level and reinforced the framework for fiscal management implicitly in the Pact for Stability and Growth.
In DEA, the efficiency of units is estimated given the values of their inputs (variables whose values we prefer to be as small as possible) and their outputs (variables whose values we prefer to be as great as possible). As input variables, we use: deviation from the agreed level of debt; deviation from the agreed deficit/surplus level; and, expenditure (all in % of gross domestic product (GDP). For outputs, we use revenue (in % of GDP), GDP growth rate and employment rate. In the second stage, obtained efficiency scores are regressed on chosen contextual variables in order to estimate their influence on the efficiency of conducting fiscal rules.
There are numerous papers written on the subject of fiscal rules, and brief review of the relevant literature is given in section 2. Data Envelopment Analysis as a nonparametric mathematical programming approach is used in a variety of fields and problems, including economics and public-sector efficiency evaluation. Nevertheless, and according to our best knowledge, there are no papers using two-stage DEA in evaluating the influence of contextual variables on the efficiency of fiscal rules in the EU countries. Therefore, the main contribution of this paper is in selecting and defining variables which could impact on the efficiency score. As contextual variables, we used indicators for four fiscal rules (BBR, DR, ER, RR) as dummy variables. In addition, we incorporated five macroeconomic variables which we presume to have a significant impact on the efficiency of conducting fiscal rules: inflation rate, credit rating, unemployment rate, employers' social contributions and social protection benefits.
The paper is organized in five sections. After the introduction, in Section 2, we discuss prior research on fiscal rules and propose our research hypotheses. In Section 3, methodology and data are described, and the results are given in Section 4. Section 5 concludes.
Background
Numerical targets for different fiscal variables, termed as fiscal rules, are oriented towards enhancing macroeconomic discipline and contributing to fiscal discipline in the long run. As the number of EU countries that implement fiscal rules had increased in past decades, there has been a growing interest in the efficiency of conducting fiscal rules and their impact on other economic variables.
Literature review
Fiscal rules for the European Union countries are an important part of the integration process and a precondition for stable functioning of the monetary union. The potential Eurozone member countries are oriented to fulfilling the supranational Maastricht criteria that also include implementation of national rules. The open question is whether countries, in order to solve a crisis, should rely on stronger government spending or use austerity measures. As described in the literature ( [19, 25] ) one of the main goals of fiscal rules is to strengthen fiscal discipline and to contribute to fulfilling of fiscal policy and macroeconomic goals, both in national and supranational terms. They indirectly contribute to the fulfilling of Maastricht criterions as supra-national rules in the European Union countries (although even more important to countries outside the Eurozone). The deterioration of the fiscal discipline during the Great Recession threatened the stability of the European monetary union which raised doubts about its future and monetary integration process in general, including reforms in the fiscal framework.
Description of the characteristics, including pro and contra, of different fiscal rules, is given in Eyraud et al. [16] with a focus on the choice of a particular rule. Still, there are numerous analyses of the effectiveness of a certain rule and the optimality of its selection from different aspects. Auerbach [4] summarises the knowledge of fiscal rules from theory and evidence in ten lessons. Doray-Demers and Foucault [10] analysed different theories regarding national fiscal rules stringency for a panel of 28 European countries in the period of 1990-2013, concluding that the fiscal stress in the short term prevents fiscal reform, but in the long term it results in stronger fiscal rules. National fiscal rules, introduced on a path to the European Union membership, were a part of a commitment to Maastricht criterion fulfillment. However, national fiscal rules were more stringent after the 2009 sovereign debt crisis in order to obtain fiscal support from the EU. In their study, Landon and Smith [21] investigated the benefits of different fiscal rules, comparing them and searching for benefits of a particular rule, using data for European Union countries and the Monte Carlo method. Still, there is an open question of whether introducing a fiscal rule contributes to the decreasing (and/or controlling) of the public sector debt. Research on macroeconomic effects of fiscal rules provided in Altunbaş and Thornton [1] on a sample of 110 countries (58 with fiscal rule), during 1970-2012 resulted in a list of factors that should be considered. They found that a probability that a country will adopt a debt rule is greater in countries with high public debt, relatively inflexible exchange rate and with deep credit market that are already using an inflation targeting regime. Furthermore, countries are prone to introduce the rule following positive experiences of other countries. Finally, Altunbaş and Thornton [1] find that countries that are preparing for the introduction of fiscal rules need to improve their macroeconomic performance and institutional framework, with the support from monetary and other policies. Badinger and Reuter [5] used a two-stage least squares estimates on a sample of 79 countries during 1985-2012 in order to investigate the relevant determinants of fiscal rules. The analysis concluded that countries with more stringent fiscal rules have higher fiscal balances, lower interest rate spreads on government bonds and lower output volatility. The impact of fiscal rules on sustainable development has been researched on a sample of the Visegrad Group Countries by Hölscher et al. [17] and resulted in several conclusions. The authors have proven a significant effect of fiscal rules on financial markets' perception of fiscal measures (that is further spilled over to the public sector cost of capital). Implementation of fiscal rules has a positive impact on real economic growth, but rules are not resistant to economic shocks and do not protect public sector stability in times of crisis. Finally, a stronger impact of fiscal rules on economic policy leads to a negative impact on social indicators, including stronger social exclusion and income stratification. Aristovnik and [2] focused on the fiscal behavior of EMU member states in terms of supranational rules (Maastricht criterion and Stability and Growth Pact), observing changes in the incentives before and after entering the EMU. They concluded that there has been a difference in fiscal behaviour -countries had stronger motivation to comply with fiscal rules in the Maastricht period, but the motivation later decreased.
Research hypothesis
Decentralized national fiscal policies in terms of monetary union need harmonization in order to provide full support for macroeconomic stability. Supranational fiscal rules were first defined in the Maastricht criteria, followed by the Stability and Growth Pact, and they refer to general government debt and fiscal deficit (as a % of GDP). Although the main rules remained the same, during the previous economic crisis they were adjusted with additional requirements that have been elaborated in detail in International Monetary Fund (IMF) papers [11] [12] . Besides the supranational rules, and in order to fulfill the predefined criteria, member countries also introduce national numerical fiscal rules [13] .
Still, the questions of the actual efficiency of the fiscal rules, the optimality of their definition and the criteria used remain open, both in theory and practice. The efficiency of fiscal rules was analysed using Data Envelopment Analysis in [20] using data from [22] and [25] . The analysis provided in this paper follows that research, aiming to define the contextual variables that influence and describe the efficiency of conducting fiscal rules in terms of fulfilling the Maastricht criteria. For that purpose, nine contextual variables were introduced and tested: BBR, DR, ER and RR (as dummy variables), inflation rate, credit rating, unemployment rate, employers' social contributions, and social protection benefits. The choice of using national rules as indicator variables is quite straightforward. We assume that the application of national rules should be an important factor for fiscal efficiency. Inflation rate, as a contextual variable, was introduced as an indicator of the influence of the monetary variables on the fiscal policy. It also reflects the stability of prices, which is the final goal of monetary policy in the majority of countries observed, and, as a part of the Maastricht criteria. Furthermore, changes in fiscal policy (especially in terms of fiscal expansion) might cause an increase in inflation rate. An increase of inflation rate might endanger fiscal rules efficiency. Credit rating is a sign of the general stability of a country in terms of international capital markets. Better efficiency in the definition and implementation of fiscal rules should positively contribute to this indicator and vice versa. Unemployment rate as a macroeconomic variable was chosen as an indicator of poor economic conditions and an increased instability in a country. A high unemployment rate leads to fewer revenues from taxes, both personal income tax and consumption taxes, which finally leads to the increase in public debt and the inability of a country to fulfill its fiscal rules. Employers' social contributions and social protection benefits are related to unemployment since, with fewer employees, social contributions decline and governments have to find another way to finance social benefits for their population. Social contributions included in this research are employers' actual social contributions which contain payments made by employers for the benefit of their employees to insurers (social security funds, general government and private funded schemes) [14] . Social protection benefits are transfers to households with the intention of taking over the financial burden of risks of disability, sickness/healthcare, old age, survivors, family/children, unemployment, housing and social exclusion not covered elsewhere. During the last financial crisis, these expenditures increased by 2.8% on the EU level, and they made up 96.3% of the EU-28's social protection expenditure [14] . This places an additional burden on the governments' budget and consequently their ability to fulfill fiscal rules.
Since the economic crisis was a trigger to introduce stringent fiscal rules and correct excessive consumption in order to assure fiscal responsibility, credibility, and sustainability of public debt through fiscal discipline, we focus our research on the period from 2008 to 2016. This period is known as the period of a new generation of fiscal rules [21, 25] . Not only did countries introduce and modify fiscal rules on a national level, but in 2012 rules on a supranational level were revised and complemented.
This leads to the following research hypothesis: the introduction and enhancement of fiscal rules on a national level, after the crisis, leads to an increase of efficiency in conducting and fulfilling Maastricht criteria. In other words, in order to fulfill the Maastricht criteria, countries implemented fiscal rules on a national level.
We must keep in mind that the crisis was not caused by high public debts, but vice versa, and that the existence of a rule is not a guarantee of fiscal prudence and the efficiency of conducting fiscal rules. IMF identified four types of fiscal rules, but each country was able to select and adjust a certain rule to the macroeconomic condition in the country. When analysing imposed rules we can see that countries mostly used a balanced budget rule and an expenditure rule [20] , so these two rules are of special interest for our analysis.
Methodology and data
In the first stage of our analysis we use DEA, namely, the output-oriented BCC model [7] to obtain countries' efficiency scores. This model was selected because it assumes variable returns to scale which is in accordance with the nature of this research and it can handle negative and missing data which allows keeping all units in the dataset [24] . The formulation of the BCC model is as follows.
Let there be N decision-making units (DMUs): DM U 1 , DM U 2 , ..., DM U N which are homogenous and comparative. We assume that their efficiency is defined by a certain number of input variables whose values we want to be as small as possible and a certain number of output variables whose values we like to be as big as possible. Let x ij > 0 be an i-th input for some DM U j , i ∈ {1, 2, ..., n} and y rj > 0 its r-th output, r ∈ {1, 2, ..., m}, j ∈ {1, 2, ..., N }. Each DM U j is represented by a vector of inputs X j = (x 1j , x 2j , ..., x nj ) and vector of outputs Y j = (y 1j , y 2j , ..., y mj ). According to [9] the measure of efficiency φ in the output-oriented model, is obtained by solving the following linear program for each DM U 0 = DM U j :
where s − and s + are vectors of slack variables. If we denote the optimal solution as (φ * , λ * , s − * , s + * ) then DM U 0 is efficient if and only if φ * = 1 and s − * = s + * = 0. The parameters λ j in the solution of the model are used to identify the peer group of an inefficient DMU.
The aim of the second stage of the analysis is to find the factors that have the statistically significant impact on the DEA fiscal efficiency score of a certain country. Therefore, in the second stage, we perform the Ordinary Least Square (OLS) panel analysis with two-way fixed effects and regress obtained log efficiency scores on a chosen number of contextual variables.
The sample contains data on 28 EU countries in the period of 2008-2016. In the first stage, we treat 28 EU countries as DMUs and determine their relative efficiency using the BCC model on a pooled sample, so each country in each year is treated as an individual DMU. Thus, our relative efficiency evaluation has 252 DMUs and allows comparability of results between years, assuming no relevant technology change [8] . We assume the fiscal efficiency is defined by 3 input-variables and 3 output-variables. Following the supranational fiscal rules [25] for inputs we choose I 1 the deviation from the recommended level of debt (60% of the GDP), I 2 deviation from the deficit/surplus level (3% of GDP) and I 3 the expenditures in % of GDP. For outputs, we use O 1 total revenue (in % of GDP), O 2 GDP growth rate and O 3 employment rate. The values of variables with negative observations were shifted to all positive. Data were collected from Eurostat. The descriptive statistics for the input and output variables is given in The contextual variables used in the second stage of the analysis are described in Table 2 . National rules are observed as dummy variables with the value 1 if a country applies the rule in a certain year and 0 otherwise. 
Results and discussion
We performed a two-stage procedure in analysing the fiscal efficiency of 28 EU countries in the period of 2008-2016. After calculating efficiency score using DEA, in the second stage we regress the efficiency scores on chosen contextual variables that could affect effectiveness in the context of fulfilling Maastricht criteria in the analysed period.
The DEA model and efficiency scores
Using the BCC model we obtained efficiency scores presented in Table 4 . We will refer to these results as fiscal efficiency (scores). The average efficiency of 28 EU countries over the nine sample years is 0.912 and, on average, 13 countries were above that score. We can observe that countries' average fiscal efficiency improved after 2009. As expected, there was a general decrease in efficiency in 2009, but since then it started to recuperate for most of the countries.
2008 was the year when seven countries reached score 1 meaning that they were extremely successful in conducting fiscal rules. When looking at the average efficiency by country, we see that Estonia is the country with the highest average efficiency due to the fact that it reached score 1 in all years except 2012 and 2013. Although efficiency rises after 2009, the significant increase occurs after 2012 when "Fiscal Compact" was signed. Table 5 : DEA efficiency scores per year and per country (the names of the EU member states are abbreviated according to ISO country codes)
There are obviously significant differences in the efficiencies of conducting fiscal rules between the countries in our sample. This is not surprising given that 28 EU countries have different economic policies, different fiscal rules and, basically, that fiscal policy operates under different conditions. Therefore, we are interested in defining the variables that determine the 'environment' of the fiscal policy. In many DEA papers, the exogenous variables that are used to explain the efficiency scores are called contextual variables and essentially they present the factors that could explain the differences in the efficiency between the DMUs [7] . 
Regression analysis and empirical results
Following the papers [6] and [23] , we estimate the two-way fixed effects model:
where a i are cross-section fixed effects and b t are period fixed effects. We were able to reject the null for Hausmann test and tests for redundant fixed effects and therefore validate the two-ways fixed effects approach [3] . The regression results are reported in Column (2) of Table 6 reports the results when we drop variable UNEMP (unemployment rate), which is highly correlated with input variables, since the performance of the second stage regression is most reliable when contextual variables are not highly correlated with input variables [7, 18] . The results are robust, and we can conclude that BBR, ER, and country rating have a statistically significant positive impact on fiscal efficiency score at significance level of 0.05. On the other hand, an increase in social protection benefits plays a negative role in the fiscal efficiency score. Other variables are shown to be statistically insignificant.
Overall, our results suggest that countries which implemented a budget balance rule (BBR) and expenditure rule (ER) had, on average, greater efficiency of conducting fiscal rules during our sample period. Also, countries which achieved a positive change of credit rating had, on average, greater fiscal efficiency by 0.7%. Social protection benefits are also significant contextual variable in assessing the efficiency of conducting fiscal rules, since their decrease implies an average increase in efficiency by 2%.
In the end, the analysis of the specific characteristics of the countries, which could be observed in the cross-section fixed effects, is beyond the research of this paper. The period fixed effects estimated by equation (2) 
Conclusion
In this research, we have analysed the influence of several contextual variables on the relative efficiency of conducting fiscal rules in 28 EU countries in the period from 2008 until 2016 using the two-stage DEA approach. EU countries were analysed as DMUs whose goal was to fulfill Maastricht treaty rules through national fiscal rules. This case is specific since fiscal policies are defined and implemented on national levels, respecting the supranational EU rules defined by the Maastricht criteria. The period covered in the paper included a past financial crisis that strongly endangered fiscal and general macroeconomic stability at national levels.
At the same time, fiscal rules limited their manoeuvre space for crisis strategies. In the first stage of the analysis, an output-oriented BCC model of DEA was used on panel data and we obtained that the average efficiency for all countries through nine observed years is 0.912. In the second stage, we used panel analysis to estimate the impact of nine selected contextual variables on efficiency scores. Four of the chosen variables turned out to be insignificant (DR, RR, inflation rate and employers social contributions), and one (unemployment rate) was highly correlated with input variables. Statistically significant variables BBR, ER, country rating and social protection benefits contribute to an increase in the fiscal efficiency score. This confirms the main hypothesis of the paper, which stated that the introduction and enhancement of fiscal rules on a national level, after the crisis, leads to an increase of efficiency in conducting and fulfilling Maastricht criteria. The fact that two out of four rules (namely, BBR and ER) positively contribute to the efficiency of conducting fiscal rules indicates that countries should be cautious about the type of fiscal rule they implement. The analysis confirmed that national fiscal rules were well designed in order to improve fiscal discipline and budget stability. The conclusions are made on a general level since the heterogeneity of a group makes it is hard to identify country-specific conclusions. Future research could be carried out for one country or a smaller group of countries with similar features to establish some more specific findings.
